Understanding the genetic diversity of Acacia melanoxylon is very important in species selection and improvement. The present study aimed to identify microsatellite markers and determine the genetic diversity of 45 preferred clones selected from 9 Chinese districts. Seventy-six simple sequence repeat (SSR) markers developed for other Acacia species were screened. Seventeen SSR markers showed polymorphic patterns and amplified 134 alleles. Polymorphism information content (PIC) values ranged from 0.044 to 0.911. The average allele number per locus ranged between 2 and 18, averaging 8.06. Nine SSR markers were highly informative, with PIC values above 0.60. These findings demonstrated that SSR markers could be used to differentiate A. melanoxylon genotypes. Cluster analysis using UPGMA separated the 45 clones into 3 distinct groups at a similarity coefficient of 0.72. The clone groups identified in this study would be useful in developing intraspecific hybrids to exploit hybrid vigor as well as for commercial cultivation and genetic base broadening. The DNA fingerprints obtained for each clone could be used for biodiversity conservation.
Introduction
Australian blackwood (Acacia melanoxylon) is one of the most widely distributed trees native to eastern Australia, with highquality and appearance-grade timber (Cowan and Maslin 2001) . Blackwood timber is used to manufacture high-quality furniture, flooring, and musical instruments. Owing to its high timber value, New Zealand, South Africa, China, Chile and Vietnam have established exotic plantations (Bradbury et al. 2010, Pinkard and Beadle 2002) . Since the late 1980s, China has developed a series of provenance trials of the species (Zhang F et al. 2002) . Currently, A. melanoxylon is grown in Guangdong, Guangxi, Fujian and Jiangxi provinces in pure stands. In previous studies, we selected 45 clones from 9 sampling sites mainly distributed in Guangdong, Guangxi and Fujian provinces. However, proper records of some clones originating from progeny and provenance trials may not have been kept during breeding, and therefore could not be distinguished clearly. Hence, developing molecular markers of selected blackwood clones is important in analyzing genetic variation and diversity. Meanwhile, this would open opportunities to further improve the efficiency of breeding programs of blackwood, especially in developing clonal breeding programs using marker-assisted selection, and broaden the genetic base of breeding populations.
More recently, genetic variation in the genus Acacia, including Acacia mangium Willd. , Isoda and Watanabe 2006 , A. auriculiformis (Nagashree et al. 2015 , Yuskianti et al. 2011 , A. mangium × A. auriculiformis (Ng et al. 2005 ), A. auriculiformis × A. mangium, A. auriculiformis, A. crassicarpa and A. peregrinalis (Aggarwal et al. 2011 , Wong et al. 2012 , A. koa (Gustafson et al. 2008) and A. pennata (Gao et al. 2012 ) has been assessed. In A. melanoxylon, inter sequence repeat (ISSR) and cDNA-amplified fragment length polymorphism (cDNA-AFLP) markers have been developed (HU et al. 2008 , Wei 2013 . However, microsatellite markers, which are informative in population genetics because of high polymorphisms have not been applied in A. melanoxylon. Simple sequence repeat (SSR) marker development, as a powerful molecular approach, is widely used in establishing genetic relationships, genetic diversity assessment, and germplasm characterization in plants (Gao et al. 2012 , Kato et al. 2014 , Selkoe and Toonen 2006 . SSR could complement phenotypic data with a genotypic assessment of diversity, and SSR genetic relationship analysis could help avoid closely related parents to ensure genetic variation for continued progress (Gopal and Oyama 2005) . Hence, microsatellite markers explored in Acacia were selected for genetic diversity and structure determination of 45 A. melanoxylon clones obtained from 9 sampling sites in Guangdong and Guangxi provinces of China in previous studies. Meanwhile, the development of microsatellite markers could be further used for linkage mapping, which in turn would help identify quantitative trait loci for marker assisted selection in blackwood.
Material and Methods

Sample collection
Leaves of 45 A. melanoxylon clones obtained from previously selected superior clones in Guangdong and Fujian provinces were used in this study. The detailed list is shown in Table 1 ; provenance and family records were described previously (Zhang et al. 2004 , Zhang F et al. 2002 .
DNA extraction, SSR primers and PCR amplification
Genomic DNA was extracted from A. melanoxylon leaves with Plant DNA extraction Kit (Aidlab, Beijing, China) following the manufacturer's instructions. Purified DNA was quantified by 1 % agarose gel electrophoresis. DNA amounts were further evaluated on a NanoDrop 2000 spectrophotometer (NanoDrop, Thermo Scientific). Samples with concentrations >100 ngμL -1 and A260/A280 between 1.6 and 1.8 were used for PCR amplification. A total of 76 SSR markers were used in amplification analyses of A. melanoxylon. These included 15 primers previously used in Acacia mangium × A. auriculiformis) (Ng et al. 2005) , 33 employed in A. mangium , 20 used in A. auriculiformis × A. mangium (Le et al. 2016) , and 8 employed in Paraserianthes falcataria .
Primers showing a clear amplification product with a length ranging between 80 and 400 bp under optimal annealing temperature were selected for further analysis (Figure 1 ).
Then, SSR primers available from above mentioned studies were used in assessing the 45 A. melanoxylon clones. For the latter system, each forward primer was 5'-tailed with the M13 forward consensus sequence (5'-CGTTGTAAAACGACGGC-CAGT-3'). The M13-tagged forward primers were then employed in combination with a standard M13 primer 6-FAM-labeled at its 5'-end (Nicot et al. 2004) . PCR reactions were performed in 20μL containing 1×PCR buffer, 1.5 mM MgCl2, 0.2 mM dNTPs, 0.04 units Taq DNA polymerase (Takara), 0.2μl forward primer, 0.8μl reverse primer, 0.8μl M13-labelled primer (100 nM of each of the primer pair), 1μl template DNA, and sterile ddH2O. Amplification was performed on 96 a Veriti Applied Biosystems thermocycler programmed for initial denaturation (94°C for 5 min), 30 cycles (94°C for 30 s, 56°C for 45 s, and 72°C for 45 s), 8 cycles (94°C for 30 s, 53 °C for 45 s and 72 °C for 45 s), and a final extension (72°C for 7 min). The PCR products were then added to HIDI formamide and LIZ-500 molecular standard, and subjected to capillary electrophoresis; the ABI3730 DNA genetic analyzer was used for fragment analysis. Allele calls were 
Polymorphism analysis
Data generated by the GENEMAPPER software were transferred to Excel, and analyzed for various genetic parameters such as allele number per locus, heterozygosity (He), polymorphic information content (PIC) and genetic distance, using GenALEx (Peakall and Smouse 2006) . Cluster analysis was employed to group the clones and generate a dendogram, with the NTSYSpc version 2.10e software (Rohlf 2005) . The similarity coefficient was used to cluster clones based on molecular data according to the Unweighted Pair Group Method with Arithmetic Mean (UPGMA). A cluster plot of all 45 clones was constructed using SAHN (Sequential Agglomerative Hierarchic Non-overlapping clustering) and the Tree Plot procedures of the NTSYSpc version 2.10e software.
Results and Discussion
Characteristics of SSR Markers
Nine samples from 9 districts were used in screening 76 published SSR loci, including 68 and 8 from Acacia and P. falcataria, respectively. In agarose gel electrophoresis, 27 loci showed clear single band amplicons (Figure 1 ). Of these, 17 loci (22.37 %) were selected based on reliability and interpretable polymorphic amplification. These 17 SSR loci produced 134 alleles from the 45 A. melanoxylon clones. DNA amplification profiles of the 45 clones using the P12 marker are presented in Figure 2 .
These results confirmed the transferability of SSR markers among A. melanoxylon, A. mangium, A. auriculiformis and P. falcataria. Similarly, six polymorphic microsatellite DNA markers from 82 published primers for Acacia were successfully used for A. pennata genetic diversity assessment by Gao et al. (2012) . Interestingly, P17 (Am429) selected in this study was also amplified in A. pennata, suggesting that it can be used as a common microsatellite locus in Acacias. In previous studies, a high degree of collinearity between closely related species has been described, allowing cross-amplification of markers such as those reported in wheat, bean and Rosaceae species (Fan et al. 2013 , Wang et al. 2015 , Zhang et al. 2005 . Transferability of A. mangium, A. mangium × A. auriculiformis and P. falcataria SSR markers to blackwood were reported to be 39.4 %, 5.7 % and 25.0 %, respectively, whereas 6.1 % and 8.6 % of A. mangium and A. mangium × A. auriculiformis markers were achieved for A. auriculiformis, respectively (Gao et al. 2012) .
Allele numbers across the 17 SSR loci ranged from 2 to 18, averaging 8.06 alleles. PIC values estimated for all loci ranged from 0.911 to 0.044, with an average of 0.609. Eight SSR loci (Primers 7, 8, 11, 14, 19, 21, 34, and 40) showed PIC values below 0.60. PIC values usually characterize the markers for polymorphisms (Botstein et al. 1980 , Grewal et al. 2014 ). This parameter could be influenced by various factors, including the nature of germplasm, number of SSR loci, and amounts of clones analyzed (Bantte and Prasanna 2003) . In this study, we speculated that lower PIC values may be a result of closely related genotypes and provenance distribution. However, the remaining 9 SSR makers had a potential to detect differences among the 45 A. melanoxylon clones assessed. Of these 9 markers, Primer 37 (AH76) amplified 18 alleles and showed the highest PIC value (0.911), indicating a high discrimination power (Table 2) . Expected heterozygosity (He) values, as a measure of allelic diversity at a given locus, varied from 0.706 to 0.067, with an average of 0.434.
Genetic Relationships
We found that the 17 microsatellite markers distinguished all 45 A. melanoxylon clones. Jaccard genetic similarity coefficients were between 0.65 and 0.99. These findings indicated a relatively high genetic diversity among the selected A. melanoxylon clones. This is likely because the selected 45 clones were originated from multiple provenances. The dendogram constructed using the UPGMA clustering algorithm based on SSR data grouped the assessed blackwood clones into three major clusters at a similarity coefficient of 0.72 (Figure 3) .
Of the 3 clusters formed, cluster I was the largest. The latter was further divided into four subgroups at a similarity coefficient of 0.80. In the first subgroup, there were 2 clones (CL01 and CL02) selected from Conghua along with 4 (GL01, GL02, GL07 and GL13) from Taishan, 3 (LL02, LL04 and LL06) from Longdong, 2 (HL02 and HL04) from Shixing, and 3 (SL02, TL01 and VT03) from other districts. These clones selected from different sources were clustered into one group. Meanwhile, the highest genetic similarity coefficient in this subgroup was 0.99 between the CL01 and GL02 clones, suggesting that they originated from the same provenance/family or probably derived from the same clone. In previous reports, most districts were comprised only of two provenances, while in the Dongguang and Taishan progeny trials, 20 and 35 provenances were described, respectively (Zhang et al. 2004) . Hence, part of the provenances might have originated from the same place in Australia.
In the first subgroup of cluster I, nearly all clones originated from Weihua and Dongguan, Guangdong, except GL04, HL06 and LL05. Furthermore, almost all VS, VT, and VX clones, apart from VS01, VS03 and VT03, were clustered in one subgroup with short genetic distances. These findings suggested that these clones could have originated from the same provenance, which explains the high level of similarity. This confirms that the VS, VT and VX clones, selected from Meizhou (Guangdong) should be regarded as originating from one provenance (Zhang et al. 2004 ). In addition, HL06, DL04, VS02, VS05, VT02, VT04, VX01, VX02, VT05, and VT01, which showed good stem form with a single, straight, branch-free stem as well as excellent growth rates were clustered into one subgroup. This suggests that these clones may have originated from the same or similar provenance, explaining their high level of similarity. This provenance is therefore suitable for blackwood domestication in south China, and could further be used in multiple progeny trials, clonal and seedling seed orchards, and plantation development. The highest similarity coefficient (0.99) in this subgroup was found between the VS05 and VT02 clones, confirming that they originated from one family. The third subgroup of cluster I consisted of HL05 alone, while the fourth subgroup had 4 clones, including 2 (GB01 and GB02) from Gaofeng and 2 (VS03 and HL01) from Guangxi. Cluster II comprised 6 clones, with 3 (GL09, GL10 and GL12) from Taishan (Guangdong) and others (TL03, VS01 and SL01). Clones GL09 and GL10 showed a genetic similarity coefficient of 0.90, and had similarity coefficients of 0.87 and 0.89 with GL12 and TL03, respectively. Cluster III comprised 2 clones only, namely GL03 and LL03, with a similarity coefficient of 0.74. Microsatellite data generated in the present study suggested that the blackwood clones sampled in China had a relative narrow genetic base. However, some provenances with good stem form were identified, and could be useful in further breeding assays for single, straight, branch-free stem, and fast growth plants. Therefore, the selected SSR markers generated useful information that will help identify clones to include in future breeding programs.
